We have used three automatic photoelectric telescopes to obtain photometric observations of 187 G, K, and (a few) M0 Ðeld giants. We Ðnd low-amplitude photometric variability on timescales of days to weeks on both sides of the coronal dividing line (CDL) in a total of 81 or 43% of the 187 giants. About one-third of the variables have amplitudes greater than 0.01 mag in V . In our sample the percentage of variable giants is a minimum for late-G spectral classes and increases for earlier and later classes ; all K5 and M0 giants are variable. We also obtained high-resolution, red wavelength spectroscopic observations of 147 of the giants, which we used to determine spectral classiÐcations, v sin i values, and radial velocities. We acquired additional high-resolution, blue wavelength spectra of 48 of the giants, which we used to determine chromospheric emission Ñuxes. We analyzed the photometric and spectroscopic observations to identify the cause(s) of photometric variability in our sample of giants. We show that the light variations in the vast majority of G and K giant variables cannot be due to rotation. For giants on the cool side of the CDL, we Ðnd that the variability mechanism is radial pulsation. Thus, the variability mechanism operating in M giants extends into the K giants up to about spectral class K2. On the hot side of the CDL, the variability mechanism is most likely nonradial, g-mode pulsation.
INTRODUCTION
G and K giants have often been used in variable star research as photometric comparison stars because they are bright, relatively numerous, and not expected to be intrinsically variable. Until recently, however, little observational work has been done to verify their photometric constancy. Percy (1993) conducted a search for hotter analogs of semiregular M giant variables by obtaining photometry of 49 K giants listed as named or suspected variables in The Bright Star Catalogue (Hoffleit & Jaschek 1982) . He found that almost all of his program stars were constant, argued that the number of K giant variables is small, and concluded that pulsation is unlikely in K giants. Choi et al. (1995) monitored a sample of 12 G and K giants to search for photometric variability correlated with Ca II emission but found only slight variability in one of the stars. Both of those studies used small (0.25 m) automatic photoelectric telescopes (APTs) at Fairborn Observatory in Arizona that were limited to a photometric precision of about 0.01 mag. In the course of a survey to identify new chromospherically active variables with a 0.4 m APT capable of higher precision (0.004 mag), Henry, Fekel, & Hall (1995b) discovered two slowly rotating, single, K giants with photometric periods of 13.8 and 21.6 days and photometric amplitudes of 0.05 and 0.03 mag, respectively. They tentatively suggested the cause of the variations to be starspots. Using a di †erent tactic, Hall (1995) searched the General Catalogue of Variable Stars (GCVS) (Kholopov 1985) for K giants that might be pulsating variables. He found only 17 candidates and suggested those few might have been misclassiÐed spectroscopically, have alternative variability mechanisms, or are, in fact, constant stars.
Three recent studies have been more successful in detecting low-amplitude photometric variations in giant stars. Edmonds & Gilliland (1996) monitored the globular cluster 47 Tuc with the Hubble Space T elescope over a period of 38.5 hr at a photometric precision of 0.006È0.007 mag. They found 15 probable giant variables with amplitudes from 0.005È0.015 mag, estimated periods to be between 2 and 4 days, and suggested radial pulsation as the cause of the variability. In a more extensive survey, Jorissen et al. (1997) examined the onset of variability in red giant stars using the database from their Long-Term Photometry of Variables (LTPV) project ; a precision of 0.002È0.003 mag was maintained over the 10 yr span of their data. They concluded from a sample of 50 G, K, and M giants that all late G and early K giants are constant at a level of p \ 0.006, where p is the standard deviation of the observed magnitudes. For giants ranging in spectral class from K3 to mid-M, they found that the minimum variability level increased with later spectral class. Fekel & Henry (1998) presented preliminary observations of 22 variable K and early M giants, taken from the present survey, and found low-level variability throughout the K spectral class. The amplitude of variability increased from about 0.01 to 0.05 mag as the spectral type ranged from early to late K III.
With the advent of techniques for very precise relative radial velocity measurement, low-amplitude velocity variability has also been seen on di †erent timescales in several bright, single K giants. Such variability was initially dis-201 covered in a Boo when Smith, McMillan, & Merline (1987) found a 1.87 day period with an amplitude of 200 m s~1. Hatzes & Cochran (1994a) did not conÐrm the 1.87 day period but did Ðnd several additional periods of less than 10 days. They concluded that the short-period variations were consistent with mode switching of radial pulsations. Hatzes & Cochran (1994b) also found b Oph to exhibit multiperiodic radial velocity variations with periods ranging from 0.26 to 142 days. That K giants have such long-term velocity variations was Ðrst shown by Walker et al. (1989) , who observed Ðve K giants, all of which had low-amplitude, radial velocity variations with timescales on the order of 1 yr. Hatzes & Cochran (1993) obtained additional velocities for three of those Ðve K giants : a Tau, a Boo, and b Gem. They found periods of 233, 643, and 558 days, respectively, and noted that possible causes of such long-period variations include rotational modulation of surface features, nonradial pulsation, and planetary companions. Recently, the results of a couple additional radial velocity studies have been reported. Larson, Yang, & Walker (1999) acquired precise radial velocity observations of a dozen K and early M giants. They found many to have lowamplitude velocity variability with periods of several hundred days. Cummings et al. (1999) obtained highprecision radial velocities of a group of late-type evolved stars in the southern hemisphere. The velocity variations they observed for the K giants all have timescales of hundreds of days.
In this paper, we present the results of a photometric and spectroscopic survey of 187 early G to early M giants to examine further the occurrence of low-amplitude photometric variability among giant stars. In°2, we describe the stellar sample examined in this study. Section 3 contains a description of the photometric and spectroscopic observations, and°4 outlines the analyses of those observations. We discuss our results in°5 and summarize our conclusions in°6. Appendix A contains additional information and results on selected individual stars. Appendix B lists our radial velocities for the majority of the giants in our samples.
STELLAR SAMPLE
The 187 G, K, and (a few) early M giants in our study are divided into three samples that come from three di †erent sources.
Sample 1 is comprised of 172 giants that served as comparison stars in an ongoing program of high-precision, differential photometry of solar-type stars with 0.75 and 0.80 m APTs (Baliunas et al. 1998 ; Henry 1999) . Each APT acquires photometry of approximately 75 program stars with respect to three separate comparison stars. Thus, this program uses a total of several hundred comparison stars selected from random Ðeld stars surrounding each program star. The selection criteria included (1) closeness on the sky to the program star, (2) color index similar to the program star, (3) brightness (8th magnitude or brighter), (4) membership in a spectral class predominantly populated by photometrically constant stars, and (5) absence of known variability. The majority of comparison stars were chosen from spectral class F, but the existence of the earlier studies cited above on the photometric constancy of G and K giants induced us to select many late-type giants as well. Generally, only HD spectral types (i.e., no luminosity classiÐcations) were known for the G and K stars we selected, but such types, combined with the small proper motions of the stars, suggested that they were probably giants. (The comparison stars were chosen prior to the release of the Hipparcos parallaxes [Perryman et al. 1997] ). This group of 172 comparison stars is listed by HD number in Table 1 along with results to be described below. Sample 2, a group of eight giants, comes from HallÏs (1995) list of 17 candidates identiÐed in the GCVS (Kholopov 1985) as K giant pulsating variables. Eight of HallÏs 17 giants are not included in our sample because they are either too faint for our APTs or too far south to observe from Arizona. A ninth (AW CVn) was not included since Keenan & McNeil (1989) have classiÐed it as M3 III. The eight giants in sample 2 were observed with a 0.40 m APT and are listed in Table 2 by HD number and variable star name, along with results to be described below.
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Sample 3, another group of eight giants observed with the 0.40 m APT, comes from Hatzes & Cochran (1998) , who listed 10 K giants, bright giants, and supergiants for which small-amplitude, radial velocity variations have been observed. The periods of these oscillations range from a few to several hundred days. We excluded a Boo from this group because it is too bright for our APTs ; in addition, we did not observe the 10th star, c Cep. We note that a Tau appears in both samples 2 and 3. These eight giants are listed in Table 3 by HD number and Bayer designation, along with results to be described below. Bias subtraction, Ñat-Ðeld division, wavelength calibration, and continuum rectiÐcation were performed on the raw spectra with the programs in IRAF. Thorium-argon comparison spectra were obtained at intervals of 1È2 hr. The wavelength solution for a program star spectrum was applied by interpolating in time between the two comparison spectra that bracketed the stellar observation.
At least one red wavelength spectrogram was obtained for 147 of our 187 giants with the spectroscopic sample biased toward the fainter giants of the photometric sample, most of which have only HD spectral types and typically few, if any, references in the SIMBAD database. Our red wavelength spectra were used to determine spectral types, measure radial velocities, and compute projected rotational velocities of the giants. For about 33% of the spectroscopic subsample, blue wavelength spectra were obtained to measure Ca II H and K surface Ñuxes.
Photometric Observations
The photometric observations in this survey have been obtained between 1993 April and 1998 July with three automatic photoelectric telescopes (APTs) at Fairborn Observatory. Until 1996 July, Fairborn was located at the Fred L. Whipple Observatory on Mount Hopkins. During the summer of 1996, the APTs were relocated to Fairborn ObservatoryÏs new site at Washington Camp (altitude 5700 feet) in the Patagonia Mountains of southern Arizona (Eaton, Boyd, & Henry 1996) .
The 0.4 m (T3) APT observes in the Johnson B and V bandpasses. Details on the telescope and photometer, observing sequences, and reduction of the data can be found in Henry (1995a Henry ( , 1995b and Henry et al. (1995b) . External precision of the group means, deÐned as the standard deviation of a single nightly group mean from the seasonal mean, is about 0.004 mag on good nights for pairs of constant stars. This is roughly the scintillation noise expected in these observations.
The 0 All three telescopes make extensive observations of standard stars each night to determine the nightly extinction as well as to track any long-term instrumental changes. Since the APTs collect data whenever they can Ðnd stars, they sometimes do so under nonphotometric conditions. We therefore use the standard deviation of the group mean magnitudes (a measure of the internal precision) as well as the results of the standard star observations to reject data taken during poor or marginal conditions. SpeciÐcally, group means from the 0.4 m APT with standard deviations larger than 0.01 mag are discarded ; group means from the 0.75 and 0.80 m APTs with standard deviations larger than 0.005 mag are discarded. Further, only 0.75 and 0.80 m APT observations made on nights when the all-sky reduction of the standard stars gave good results are used in the analysis.
ANALYSES
Tables 1È5 present the results of our photometric and spectroscopic analyses. Table 1 summarizes the spectroscopic and photometric properties derived for the giants in sample 1. Column (1) identiÐes each giant by its HD number. Column (2) lists our spectral type, if determined, or the best spectral type from the literature. Column (3) gives the value. Columns (B[V ) 0 (4), (5), and (6) give our computed values of absolute magnitude luminosity L , and radius R. Column (7) lists our M V , v sin i value. Columns (8) and (9) give the number of photometric observing seasons and the standard deviation of the nightly brightness measurements, respectively. p short , Column (10) gives the timescale of photometric variation if it can be estimated from the light curve. Column (11) gives the predicted inclination of a starÏs rotation axis i predict , assuming the observed photometric variability is due to rotational modulation. Finally, column (12) lists the type of photometric variability from the Hipparcos Catalogue. These results are described in more detail in the following paragraphs.
Our spectral types in column (2) of Table 1 were determined by visual comparison with stars from the list of Keenan & McNeil (1989) . Spectra of those reference stars were obtained with the same KPNO feed setup used coude for most of the program star observations. identiÐed several luminosity sensitive and temperature sensitive line ratios in the 6430È6465 region. A Those critical line ratios and the general appearance of the spectrum were employed as spectral-type criteria. The line ratios used to determine the luminosity class lose much of their sensitivity in early-G giants, making most of those classiÐcations more uncertain. ClassiÐcation was also more difficult for several very metal-poor giants, for which no grid of similar standards was available. Greater uncertainty in such classiÐcations is indicated by a colon. If no red wavelength spectrum was obtained for a star, the literature was searched for its best spectral type. When available, the spectral types of Keenan & McNeil (1989) were preferred. Only as a last resort have unreferenced spectral types from The Bright Star Catalogue (Hoffleit & Jaschek 1982) 
The values of listed in column (3) of Table 1 were (B[V ) 0 computed in the following manner. The Hipparcos parallaxes (Perryman et al. 1997 ) indicate that most of our giants have distances between 100 and 300 pc, implying observed colors that are moderately a †ected by interstellar extinction. Thus, unreddened colors computed with various mean extinction values were compared with unreddened colors (Johnson 1966 ; FitzGerald 1970 ) assumed from our spectral classiÐcations. From that comparison, mag kpc~1 A v \ 0.8 has been adopted, with and the Table 1 have been computed accordingly. In four cases where the Hipparcos parallax was comparable to or smaller than its error (or even negative), the parallax was replaced with the sum of the parallax and its error for computations of (B[V ) 0 . Column (4) lists the determined from our adopted M v reddening law and the Hipparcos parallax except in the four cases, noted in column (3), where the Hipparcos parallax was replaced by the sum of the parallax and its error. The resulting luminosity and radius are given in columns (5) and (6), respectively. The luminosity was determined from M v , the bolometric correction of Flower (1996) , and an assumed mag for the Sun. The radius was then com-M bol \ 4.75 puted by assuming the versus relationship of (B[V ) 0 T eff Flower (1996).
Our measured v sin i values given in column (7) of Table  1 were determined from the red wavelength spectra with the procedure of Fekel (1997) . Most of the projected rotational velocities have uncertainties of 0.5È1.0 km s~1. The uncertainties may be greater for those giants having the lowest rotational velocities since the line widths of those giants are dominated by macroturbulence rather than rotation. In addition, increased uncertainty is also likely for the coolest giants whose spectra have the severest line blending. If more than one red wavelength spectrum was obtained for a giant, the given value is an average.
The short-term standard deviations, in column (9) p short , of Table 1 are means of the seasonal values computed from the number of observing seasons given in column (8). Within a single observing season, the quantity is p short deÐned as the standard deviation of a single, nightly mean di †erential magnitude from the corresponding seasonal mean di †erential magnitude and thus represents the level of short-term or night-to-night photometric variability in each of the giants. The giants in Table 1 were all observed with the 0.75 or 0.80 m APTs. Since these two telescopes made their observations with identical procedures and have nearly identical external precisions (D0.0012 mag), the standard deviations from the two telescopes can be directly compared.
The computation of these seasonal values of p short requires some additional explanation. Our giants were all observed as members of groups consisting of three comparison stars and one program star, with each giant serving as one of the comparison stars of its group. Therefore, di †eren-tial magnitudes of each giant were computed against each of the other three stars in the group. If each of those three stars (including our original program star) was constant, as determined by the intercomparison of the standard deviations of the various pairs, then represents the average p short of the short-term standard deviations determined against each of those three stars. If only two of the other stars proved to be constant, then is the mean determined p short with the two constant stars as comparisons.
When two of the three potential comparison stars for a G or K giant were eliminated because they were both variable, then the interpretation of any variability in the remaining pair of stars can become ambiguous. If for this remainp short ing pair was small (i.e., at or near the external precision limit of 0.0012 mag for these telescopes), then obviously both stars are constant and the giant was retained in our study. If for this remaining pair was large compared to the limit p short of precision, then one or both of the stars are variable. Sometimes, the comparison star for the giant in this remaining pair was one of our solar-type program stars. If that solar-type star is roughly solar age or older, then its photometric variability will be very small (see next paragraph). If variability can be detected in those cases, then the variability can be attributed conÐdently to the giant star and not to its only remaining comparison star, and the giant was retained in the study. In the few cases where we could not judge whether the giant or its only remaining comparison was the variable, the giant was removed from our study and does not appear in Table 1 . Therefore, since multiple comparison stars were observed in each group, we can be sure that all comparison stars used to derive for the giants p short in Table 1 are constant to the limit of our precision.
To determine what value of can be adopted to p short establish unambiguous variability in our giants, we take advantage of the decreasing trend in photometric variability with age in Sun-like stars shown in Figure 11 of Henry (1999) . There, short-term variability in a sample of 150 Sunlike stars is plotted against a measure of the log R HK @ , surface magnetic activity in these stars. For the 72 stars with (i.e., the stars roughly solar age or older log R HK @ \[4.90 that should have very low photometric variability), over 80% of the values of are less than 0.0015 mag, and all p short are less than 0.0020 mag. This demonstrates experimentally Vol. 130 that pairs of constant stars will have values of less p short than 0.0020 mag when measured and processed with the procedures of Henry (1999) . Since all of the observations in sample 1 of this paper were acquired and processed with these identical procedures and equipment, we can conclude that the giants in Table 1 with are unamp short º 0.0020 biguously variable.
By this criterion, we have detected 73 of the 172 giants in Table 1 (42.4%) as short-term variables. Although many of these variables exhibited coherent variability at least during a portion of the observation interval, periodogram analysis nonetheless failed, in general, to reveal convincing periodicities. Therefore, column (10) of Table 1 gives the timescale of light variations estimated from the light curves of the 30 giants for which this was possible. These timescales represent typical intervals between successive maxima or minima in the light curves. The quantity in column i predict (11) was determined by estimating the rotational velocity of the giant from its radius (col. [6] ) and the timescale for light variations. This rotational velocity was ratioed with the observed v sin i to compute the predicted rotational inclination under the assumption that the light variation is due to rotational e †ects. The variability type from the Hipparcos Catalogue (col. [12] ) is given as C (constant), P (periodic variable), M (possible microvariable with an amplitude below 0.03 mag), U (unsolved or nonperiodic variable), D (duplicity-induced variable and not necessarily a true variable), or N/A (star is not listed in the Hipparcos Catalogue). A blank in this column indicates that the star could not be classiÐed as variable or constant with any degree of certainty due to one or more outliers in the photometry. Of the 165 stars in Table 1 that are in the Hipparcos Catalogue, only 11 (6.7%) are Ñagged as variable in the Catalogue, versus 42.4% found to be variable from our APT photometry. Comparing the APT photometry with the Hipparcos photometry, we Ðnd that if the obtained p short with our APTs is less than about 0.007 mag, corresponding to an amplitude of about 3%, the star is unlikely to be listed as variable in the Hipparcos Catalogue.
Table 2 presents our analysis results for the giants in sample 2 observed with the 0.40 m APT. Column (1) lists each giantÏs HD number and column (2) its variable star designation. Column (3) gives the spectral type from the literature, if available, or in the case of two giants, our classiÐcation. Column (4) lists the computed with (B[V ) 0 , our adopted mean interstellar reddening equation. Columns (5) and (6) list the Julian date range and number of photometric observations, respectively. The short-term standard deviation, is given in column (7). Since these p short , giants were observed with the 0.40 m APT at the somewhat lower precision of 0.004 mag, these values of cannot be p short compared directly with the results of the sample 1 giants in Table 1 . In column (8) we conclude whether the giants are photometrically variable or not, based on the light curves (see°5), the values of and our periodogram analyses. p short , For comparison with columns (7) and (8), column (9) gives the amplitude listed in the GCVS (Kholopov 1985) , and column (10) gives the Hipparcos variability type. Table 3 presents the analysis results for the giants in sample 3 observed with the 0.40 m APT. Its columns of data are identical to those of Table 2 except for columns (2) and (9). Column (2) gives the Bayer designation, while column (9) gives the radial velocity periods from Hatzes & Cochran (1998). logarithm of the Ca K and H emission-line Ñuxes, respectively. Those surface Ñuxes were determined with the procedures outlined by Linsky et al. (1979) as discussed by . To correct for the photospheric Ñux, we used the relation of Noyes et al. (1984) . Such a correction becomes relatively unimportant for V [R [ 0. 74. Following Strassmeier et al. (1990 , 1994a ), who obtained Ca II H and K observations with the same telescope and spectrograph setup and determined Ñuxes in a similar manner, we estimate Ñux uncertainties of^25%. Column (5) gives the logarithm of This is the chromo-R HK @ . spheric radiative loss in the H and K lines normalized to the total surface luminosity of the star. The latter was computed with e †ective temperatures from Flower (1996) . Table 5 presents the results of our photometric analysis of selected giants from sample 1 that were reobserved for a single season with the 0.40 m APT. These giants were chosen from sample 1 for further observation if their photometric amplitudes were mag. Column (1) lists each Z0.01 giantÏs HD number. Columns (2) and (3) give the Julian date range and number of observations, respectively. The shortterm standard deviation, is listed in column (4) ; again, p short , this is not directly comparable to those given in Table 1 . In column (5) we conclude whether the giants are photometrically variable or not, based on the light curves, p short , and our periodogram analyses. As before, we did not Ðnd convincing evidence for periodicity in any of these giants (but see the footnotes to the table), so column (6) gives our estimated timescale of variation for most of the variables. Column (7) gives values, computed in the same i predict manner as those listed in Table 1 , and column (8) lists the Hipparcos variability type, described above for Table 1 .
DISCUSSION
The two leading mechanisms for photometric variability in late-type giants are pulsation and rotational modulation of starspots (e.g., Jorissen et al. 1997 ). These two mechanisms have also been considered as the cause of radial velocity variations observed in K giants (e.g., Hatzes & Cochran 1993 , 1998 . Pulsation is recognized as the cause of variability in M giants (e.g., Gautschy & Saio 1996) , while starspot modulation is the cause of variability in rapidly rotating single and binary GÈK giants (e.g., Strassmeier & Hall 1988a ; Strassmeier et al. 1989 ).
Our spectroscopic observations of 147 of the 187 giants in this study reveal no double-lined spectroscopic binaries. For 66 of the giants we have multiple spectroscopic observations. Although a few of the giants have small velocity variations (see Appendix B), none of them appear to be close binaries. Therefore, our sample of 187 giants is likely to contain few, if any, interacting binaries or secondary components that would signiÐcantly a †ect our derived properties of the giants, and we proceed on the assumption that all of these giants are single or e †ectively single. Using our observations of the 187 giants in our three samples, we examine whether the variability seen in those giants is characterized better by pulsation or rotation. Figure 1 Table 6 summarizes our detection of photometric variability in these 165 giants as a function of The (B[V ) 0 . percentage of variables is lowest for G6ÈK1 giants. The fraction of variables increases toward both later and earlier spectral classes. These results are in accord with those of Eyer et al. (1994) , who made an initial examination of light variability in the stellar sample observed by Hipparcos. They concluded that "" G8 III giants appear to be among the most stable stars.ÏÏ
In Figure 2 , is plotted versus absolute visual magnip short tude, for the same group of 165 giants. Variability M v , occurs at all luminosities, although the brightest giants Haisch (1999) is given in the Ðgure. The CDL separates giants with hot coronae on the left from giants with cool, massive winds on the right. As noted above, photometric variability occurs at all values of but we see here that the largest amplitudes occur (B[V ) 0 , to the right of the CDL. The segregation of our sample by the CDL, along with the larger observed amplitudes on the right, suggests that di †erent variability mechanisms might be operating on opposite sides of the CDL. Several individual giants to the left of the CDL are labeled and discussed further below.
In some late-type stars, the interplay of convection and rapid rotation results in a magnetic dynamo that produces chromospheric activity and starspot variability. However, rapid rotation is not a typical property of single late-type giants. De Medeiros, da Rocha, & Mayor (1996) have used a survey of rotational velocities for about 1100 single F5ÈK5 giants to determine the mean projected rotational velocity as a function of spectral type. For early G giants the mean projected rotational velocity is 6.4 km s~1. This decreases to 3.3 km s~1 for mid-G giants and then to about 2.0 km s~1 for late G and K giants. Rapidly rotating, latetype giants are rare and usually the result of tidal forces in a close binary (e.g., Henry et al. 1995a ). However, more than 15 single late G and early K giants having v sin i of 6È50 km s~1 have been found via their very signiÐcant chromospheric activity (Fekel & Balachandran 1993 , 1994 Fig. 3 . The v sin i for HD 111812 falls outside the plotted range. Vol. 130 y-axis for the 138 giants in sample 1 that have and (B[V ) 0 our measured values of v sin i. The vast majority of these giants have v sin i values between 1 and 3 km s~1, but the tail of the distribution extends to about 15 km s~1. This velocity distribution is similar to that of the single giants in De Medeiros et al. (1996) . We added HD 111812 (31 Comae) from sample 1 to the Ðgure, based on its published v sin i value of 57 km s~1 (Strassmeier, & Rice Washu ttl, 1994b) but note that its v sin i lies outside the range plotted. We have also plotted the approximate location of the CDL from Haisch (1999) enhanced chromospheric activity used as a criterion for inclusion in the Catalog of Chromospherically Active Binary Stars (Second Edition) (Strassmeier et al. 1993 ). We note, however, that most stars considered to be chromospherically active have ( Fig. 5b of Strasslog R HK @ [[4.0 meier et al. 1990 ) and so would lie above the upper limit of our plot. Eight of the 10 giants with are log R HK @ [[4.7 variable, and all lie to the left of the CDL. These eight chromospherically active variables are labeled in the Ðgure and are the same eight giants labeled in Figures 3 and 4 .
The variable giants with the largest photometric amplitudes lie in the lower right region of Figure 5 , to the right of the CDL and below the lower limit for enhanced chromospheric activity. These giants are probably too weak magnetically to produce signiÐcant photometric variations via rotational modulation of surface features. Therefore, we suggest that the variability mechanism operating in M giantsÈpulsationÈis also operating in the giants in the lower right region of Figure 5 .
In the upper left region of Figure 5 , to the left of the CDL and above the lower limit for enhanced chromospheric activity, there are 10 giants. As noted above, eight of these 10 chromospherically active giants are photometrically variable ; Ðve of these eight variables also have v sin i º 9 km s~1 and so lie in the upper left region of Figure 4 . This combination of chromospheric activity and rapid rotation suggests that the variability mechanism in these Ðve giants may be due to rotational modulation of active regions.
The combination of our photometric and spectroscopic observations, along with the Hipparcos results, allows us to FIG. 5 .ÈThree-dimensional plot comparing to on the x-axis and on the y-axis for the 47 giants from sample 1 that have p short (B[V ) 0 log R HK @ (B[V ) 0 and our measured values of Symbols and identiÐcations are the same as in Fig. 3 . The horizontal dashed line corresponds to the lower limit of log R HK @ . enhanced chromospheric activity from Strassmeier et al. (1993) . The eight variable giants that lie to the left of the CDL and above the limit for enhanced chromospheric activity are labeled in this Ðgure and are the same eight giants labeled in Figs. 3 and 4 . (Table 5) plus one giant from sample 3 (Table 3) , also observed with the 0.40 m APT. For 29 giants from sample 1, we used the photometric timescales, the radii computed from the Hipparcos parallaxes and our (B[V ) 0 colors, along with our observed v sin i values to derive the quantity which gives the inclination of a starÏs rotai predict , FIG. 7 .ÈSelected light curves of giants from sample 1 (top four panels) reobserved with the 0.40 m APT. These light curves were used to determine the timescales of photometric variability given in Table 5 . The bottom panel includes one of the giants from sample 3. Note that x-and y-scales vary from panel to panel. tion axis assuming the photometric variability is due to rotational modulation. All of the predicted rotational inclinations from Tables 1 and 5 are plotted as Ðlled circles against in Figure 8 . If a giant has values (B[V ) 0 i predict determined from both of the independent data sets in these two tables, the mean value is plotted in the Ðgure. The approximate location of the CDL is also indicated. Since our sample of randomly selected Ðeld giants must have randomly oriented axes of rotation, half of the giants should have inclinations greater than 60¡ (Russell, Dugan, & Stewart 1938) . Instead, we Ðnd that all sample 1 giants to the right of the CDL have These extremely low i predict \ 2¡ .0. inclinations implied by the values would make it i predict impossible to observe rotational modulation. These contradictions demonstrate that rotational modulation cannot be the cause of variability in the giants to the right of the CDL.
The sample 1 giants ( Ðlled circles) on the left of the CDL in Figure 8 have signiÐcantly larger values of than i predict those on the right. This should be the case to some extent because of the systematically decreasing radius and slowly increasing mean v sin i with decreasing color. (B[V ) 0 However, if rotational modulation is the mechanism of variability in these giants, then half of the values of i predict should be greater than 60¡. This is clearly not the case ; all values of are less than 60¡. Therefore, contrary to our i predict earlier supposition, rotation is unlikely to be the cause of the observed variability in most of the giants to the left of the CDL.
It is possible, however, that rotational modulation is present in certain individual cases. Six of the eight chromospherically active variables in the upper left region of Figure  5 also appear in Figure 8 to the left of the CDL. Four of them, HD 53078, HD 74485, HD 112989, and HD 160823, have
We estimate the errors in based on i predict ¹ 20¡. i predict , uncertainties in parallax, v sin i, and the timescales of variability (each roughly 20%), to be in the range 30%È50%. Hence, none of these four giants, nor the other four giants to the left of the CDL with are likely to be stari predict \ 30¡, spot variables (see note on HD 112989 in Appendix A).
Of the sample 1 giants in Figure 8 ( Ðlled circles) with HD 109701 and HD 111812 are chromoi predict [ 40¡, spherically active (from Fig. 5) . The third star is HD 205603 and has below the lower limit for log R HK @ \ [4.93, enhanced chromospheric activity, so its variability mechanism is probably not rotational modulation of starspots. Considering the level of chromospheric activity and uncertainty in for HD 109701 and HD 111812, rotational i predict modulation is certainly a viable hypothesis for these two giants. This is strengthened by their rapid rotation, 9.9 and 57 km s~1, respectively. Also, Strassmeier et al. (1994b) reported photospheric line-proÐle variability for HD 111812 and interpreted the changes as the result of rotational modulation.
Thus, the results of Figure 8 , derived from 29 giants of sample 1 with computed values of allow us to generi predict , alize our Ðndings on rotational modulation to the larger sample of giants. Since all of the 18 sample 1 giants to the right of the CDL in Figure 8 have rotational i predict \ 2¡, modulation can be ruled out as the cause of the observed photometric variations for all giants in the larger sample to the right of the CDL in Figure 3 . Similarly, since only two of 11 giants to the left of the CDL in Figure 8 may have rotational modulation, this is not likely to be the variability mechanism for most giants to the left of the CDL in Figure 3 .
This result is further strengthened by examining i predict values for a sample of single or e †ectively single, chromospherically active giants taken from Fekel & Balachandran (1993 , 1994 . From those two papers, we selected the 15 giants for which Hipparcos parallaxes as well as v sin i values and rotation periods are available in the literature. Photometric variability in these giants is the result of rotational modulation of starspots. We added our resulting values to Figure 8 as plus symbols. Their distribution i predict di †ers markedly from that of the sample 1 giants ; a large fraction have as expected for a sample of rotai predict [ 60¡, tional variables.
Since rotational modulation cannot be the primary variability mechanism, we now consider evidence for pulsation in these giants. The mechanism for light variability in M giants is believed to be radial pulsation in the Ðrst or second overtone or perhaps the fundamental mode (e.g., Percy & Parkes 1998). To see if this mechanism extends to the G and K giants, we compare our observed timescales of photometric variability with pulsation periods computed from theoretical models.
In Table 7 we list the 29 giants from sample 1 that have both photometric variability timescales and Hipparcos parallaxes. The giants are tabulated in increasing (B[V ) 0 order ; column (1) gives the HD number and column (2) the Columns (3) and (4) list the mass and radius, (B[V ) 0 . respectively. Except in a few cases, we have estimated masses for the giants by comparing their e †ective temperatures and luminosities with the solar-abundance evolutionary tracks of Schaller et al. (1992) . Our values (B[V ) 0 were converted to e †ective temperatures with the relation of Flower (1996) , and the luminosities (Table 1) were computed from the Hipparcos parallaxes. The mass of the very metal-poor giant HD 165195 was assumed to be 1.0 M _ , while a mass of 2.0 was used for HD 145895 and HD M _ 215427, both of which have very small parallaxes with very large errors. Except for the latter two giants, the radii are from Table 1 . For HD 145895 and HD 215427 radii were assumed from their spectral types and the results of Dumm & Schild (1998) . We estimate a mass uncertainty of ¹0.5 for the eight giants in or near the Hertzsprung gap and M _ an uncertainty of 1 for cooler giants. The vast majority M _ of the radii have uncertainties of ¹15%. Column (5) gives three predicted radial pulsation periods for each giant : the fundamental mode, Ðrst overtone, and second overtone. These periods are computed with the formulae of Cox, King, & Stellingwerf (1972) and are a function of each starÏs mass and radius. Increasing the mass decreases the predicted period, while increasing the radius increases it. Column (6) lists our timescales of photometric variability (Tables 1  or 5 ), which are mean values if two determinations were made. Column (7) indicates whether our timescales are compatible with the predicted pulsation periods. Table 7 shows that the observed timescales of photometric variability are in agreement with predicted radial pulsation periods for all stars with mag. (B[V ) 0 [ 1.25 Most of the observed timescales for these stars are within the range of the predicted periods ; four timescales are longer than the predicted fundamental period, but only by a factor of 2 at most. In contrast, all stars with (B[V ) 0 \ 1.25 mag, except for HD 165195, have predicted periods much shorter (by a factor of 10 or more) than the observed timescales. The star HD 165195 has an extremely low metallicity of [Fe/H] \ [2.25. The theoretical pulsation models assume an extreme Population I composition (Cox et al. 1972) , so the predicted periods for HD 165195 are not likely to be valid. These results argue that the radial pulsations found in M giants also occur in hotter giants with mag, i.e., up to spectral type K2È3 III, the (B[V ) 0 [ 1.25 approximate location of the coronal dividing line.
Additional evidence for radial pulsation in the giants on the cool side of the CDL comes from observed color changes. Table 8 compares mean ratios of the observed brightness changes in B to the observed changes in V for several classes of cool, giant variables that have been observed with the 0.4 m APT. These values correspond to slopes of the plotted *B versus *V data for each variable. The fourth column of the table gives the spread in the individual slopes within a variability type, computed as the standard deviation of an individual result from the mean in column (3). Since there is only one elliptical variable, its p refers to the uncertainty in the single derived value of *B/*V . If S*B/*V T is equal to 1.0, then the star does not change color as it changes brightness. This kind of variability is seen in the elliptical variables, where brightness changes are caused primarily by viewing di †erent aspects of a tidally distorted star. For S*B/*V T greater than 1.0, the amplitudes in B are greater than the amplitudes in V ; i.e., the star becomes redder as it gets fainter. This is observed in the single and SB1 chromospherically active (CA) giants, where photometric variability is due to rotational modulation of cool, dark starspots. If S*B/*V T is less than 1.0, the star becomes bluer as it gets fainter. This occurs in semiregular variables, which are M giants similar to the Mira variables but with smaller amplitudes (typically 0.2È1.5 mag) and more irregular variations. Their variability is driven by radial p-mode pulsation. Seven of the K giants and six of the M giants from sample 1 that were reobserved with the 0.4 m APT (Table 5) and that have amplitudes sufficiently large to measure S*B/*V T are given as the last two entries in Table 8 . The standard deviations for these two groups are considerably larger than for the other variable types, since their amplitudes are much smaller. It is clear, however, that the S*B/*V T values for both the K3ÈK5 and M0 giants agree with the mean value for the semiregular variables and not with the chromospherically active giants. A Ðnal point concerns the shapes of the light curves of these giants on the cool side of the CDL. Although they have considerably smaller amplitudes, they look very similar to the light curves of typical M giant semiregular variables (e.g., Cristian et al. 1995) .
We complete our discussion with a brief look at our results on the giants from samples 2 and 3, given in Tables 2  and 3 , respectively. Hall (1995) had compiled a list of 17 stars cataloged in the GCVS as K giant pulsating variables but hypothesized that they did not in fact comprise a class of variable stars. He predicted that these stars, upon closer inspection, would prove to be not K giants, not variable, or not pulsating. Improved spectral classiÐcation showed two (AW CVn and V538 Cas) are not K giants. Results for eight of the 17 stars are given in Table 2 and comprise our sample 2, the rest of HallÏs sample being too faint or too far south to observe with our APTs in Arizona. For all of the stars in Table 2 , our photometry failed to conÐrm the variability of large (0.9È1.2 mag) or even moderate (0.05È0.2 mag) amplitude given in the GCVS. Only four of the K giants in Table 2 are slightly variable mag). Three more are possibly (p short \ 0.01 variable, and one is constant. In conclusion, the stars cataloged in the GCVS as K giant pulsating variables do not, in a meaningful way, deÐne a class of such variables. Either the spectral class proved wrong or the amplitude of variability proved spurious. Ironically, however, our photometry did Ðnd small-amplitude variability in several of the giants in this sample, in agreement with our results from sample 1, and so are likely to be low-amplitude pulsators.
We have found small-amplitude variability in the majority of giants in sample 3 (Table 3) . These are (mostly K) giants for which Hatzes & Cochran (1998) Ðnd lowamplitude, radial velocity variations with both short and long periods. They concluded that the cause of the shortperiod variability is p-mode pulsation. They considered rotational modulation, planetary reÑex motion, and g-mode pulsation as possible causes of the long-period variations. As in our sample 1 giants, we Ðnd very little evidence for periodicity in these sample 3 giants. In particular, we cannot conÐrm from our photometry any of the radial velocity periods reported by Hatzes & Cochran (1998) . This is perhaps not too surprising since di †erent radial velocity periods are sometimes found at di †erent times in the same star (Tables 1 and 3 of Hatzes & Cochran 1998).
CONCLUSIONS
We Ðnd low-amplitude, short-term photometric variability in roughly one-fourth of our G giants, in half of the K giants, and in all of the M0 giants. The percentage of stars with variability is at a minimum for late G giants.
Rotational modulation of surface features cannot be the primary cause of photometric variability except, perhaps, for a few of the giants on the hot side of the CDL.
For giants on the cool side of the CDL, the variability mechanism is radial pulsation. Thus, the variability mechanism operating in M giants extends into the K giants up to about spectral class K2.
On the hot side of the CDL, timescales of photometric variability are incompatible with radial pulsation and, in most cases, rotation. Therefore, we conclude that the most likely variability mechanism in these stars is nonradial, g-mode pulsation.
IdentiÐcation of the speciÐc pulsation modes in these G and K giants will require further photometric and highresolution spectroscopic observations and, especially, theoretical models with updated physics.
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APPENDIX A NOTES ON SELECTED INDIVIDUAL STARS
Although not meant to be exhaustive, we made a literature search with SIMBAD for each giant. At the time of the search, over half of our 187 giants had two or fewer references listed. The following notes highlight additional aspects of some of the giants. We also provide comments based on our own observations. From a visual examination of our spectrograms, we have identiÐed several moderately metal-poor or metal-rich giants. A1. HD 3346 \ HR 152 This M0 III is a spectroscopic binary with an orbital period of 576 days and an extremely small semiamplitude of 0.7 km s~1 (McClure et al. 1985) . It is also a suspected variable, NSV 15135 (Kholopov 1982) . Our photometric observations show a range of 0.05 mag in V with a timescale of 11 days, conÐrming the suspected light variability. A2 . HD 13611 \ HR 649 \ m1 CET This giant is a spectroscopic binary with a period of 1642 days and a possible white dwarf companion (Griffin & Herbig 1981) . Griffin & Herbig (1981) noted the di †ering views concerning whether m1 Cet is a mild barium star. Although Keenan & Pitts (1980) classiÐed it as a mild barium star, this anomaly was not noted in the later classiÐcation of McNeil (1989), and Jorissen et al. (1998) have listed it as a normal giant with an orbit similar to those of barium stars.
HD 13611 is listed as suspected variable NSV 749 (Kholopov 1982 Although we Ðnd a Tau, which is included in both samples 2 and 3, to be slightly variable based on its value of 0.0069 p short mag, we Ðnd no convincing evidence for periodicity between 0.1 and 200 days and so do not conÐrm the 92 day photometric period of Wasatonic & Guinan (1997) . Our data set on a Tau is considerably longer than theirs and completely overlaps it in time. When we analyze only our data covering their time span, we still fail to Ðnd any convincing periodicity. A4 . HD 80811 Eggen (1997) Comparison of the B[V value corresponding to our spectral type with the Hipparcos B[V (Perryman et al. 1997 ) suggests that HD 88581 has an early-type companion. A7. HD 90127 From an objective prism spectrum Bidelman (1981) classiÐed HD 90127 as a barium star. Lu (1991) estimated a Ba intensity of 2.0 and measured a radial velocity of [18 km s~1. Our three velocities have a spread of 3.7 km s~1 over a range of 472 days, indicating that the giant is a long-period binary as expected from its barium star classiÐcation. Observations are continuing to determine its orbital elements. A8. HD 91318 Comparison of the B[V value corresponding to our spectral type with the Hipparcos B[V (Perryman et al. 1997 ) suggests that HD 91318 has an early-type companion. This star is a rapidly rotating, single giant in the Hertzsprung gap. Strassmeier et al. (1994a) found its chromospheric Ñux to be at the lower end of the range found for active chromosphere stars. Our photometric observations show slight variability. A15. HD 128461 On the basis of four-color photometry, Olsen (1979) predicted that HD 128461 might have a composite Stro mgren spectrum. Comparison of the B[V value corresponding to our spectral type with the Hipparcos B[V (Perryman et al. 1997) suggests that HD 128461 has an early-type companion. A16. HD 159544 Although the mean radial velocity of HD 159544 is quite large, [59.5 km s~1, the star appears to be metal-rich, with [Fe/H] D 0.3. A17 . HD 160507 \ HR 6579
From an objective prism spectrum, Bidelman (1985) classiÐed this giant as a barium star. A18 . HD 160823 Harlan (1974) classiÐed HD 160823 as G2 II while Keenan & McNeil (1989) found G0 : IIIa, both of which are in good agreement with our result of G1 II :. A19. HD 165195 Morgan described the spectrum of HD 165195 as very peculiar (Wallerstein et al. 1963) , and the spectroscopic abundance study of Wallerstein et al. (1963) showed it to be an extremely metal-poor giant. A more recent spectroscopic analysis by Sneden & Crocker (1988) found [Fe/H] \ [2. 25 .
From Ðve spectrograms, Wallerstein et al. (1963) reported a mean radial velocity of [0.2 km s~1 and called the velocity deÐnitely constant. Our mean velocity of [0.5 km s~1 is in excellent agreement with that result. However, our velocity range of 2.5 km s~1 suggests that the giant may have low-amplitude velocity variations. Dupree & Smith (1995) obtained Ðve echelle spectra of its Ca II K line over a period of 8 yr. The Ca II K emission feature showed signiÐcant changes in its strength, asymmetry, and width. Dupree & Smith (1995) concluded that the variability of the Ca II K emission line indicates that, in deep regions of the chromosphere, inÑow and outÑow are occurring at modest speeds, possibly driven by pulsation.
Our photometry of this very metal-poor giant shows it to be variable with a maximum amplitude of 0.04 mag in V and a timescale of 10 days (Fig. 7) . A20 . HD 168619
The red wavelength spectrum of HD 168619 indicates that it is somewhat metal-poor, and we estimate [Fe/H] \ [0.4 from comparison with various spectral-type standards. A21. HD 182567 The red wavelength spectrum of HD 182567 is similar to that of a Boo. Thus, we estimate [Fe/H] \ [0.5.
A22. HD 201053
The mean velocity of HD 201053 is [79.0 km s~1, making this giant a high-velocity star based on its radial velocity alone. A23 . HD 203344 \ HR 8165 \ 34 VUL The mean velocity of HD 203344 is [88.2 km s~1, making this giant a high-velocity star based on its radial velocity alone. A24. HD 216143 This star is a very metal-poor giant for which Luck & Bond (1981) determined a spectroscopic [Fe/H] value of [2.27. Unlike HD 165195, it is a high-velocity giant having a radial velocity of [116.4 km s~1. Smith & Dupree (1998) examined the Ha and Ca II K lines and found no evidence of chromospheric outÑow from those lines. However, the Mg II h and k emission features showed proÐles characteristic of mass outÑow from the chromosphere. Table 9 in this appendix lists our individual radial velocities computed from red wavelength spectra for 147 giants. Forty-eight giants have radial velocities computed from blue wavelength spectra. A total of 66 stars have more than one measurement. Column (1) identiÐes each giant by its HD number. Columns (2) and (3) give the heliocentric Julian date of the observation and the measured radial velocity. Column (4) identiÐes the wavelength region if it is not 6430 and notes stars A that have velocity variability.
APPENDIX B INDIVIDUAL RADIAL VELOCITIES
The radial velocities were measured with the KPNO IRAF cross-correlation program FXCOR (Fitzpatrick 1993) . Several IAU velocity standards (Pearce 1957) were observed during the course of each night, and their velocities adopted from the work of Scarfe, Batten, & Fletcher (1990) . For the red wavelength spectra, the region used for the correlation was 6404È6444 which is relatively insensitive to spectral-type mismatch between the standard and program star. Those velocities have A , typical uncertainties of ¹0.5 km s~1. Blue wavelength spectra of the Ca II H and K region were obtained for 48 giants. Those radial velocities were measured by cross-correlating part of the region between the K and H lines, 3945È3960 Velocity A . uncertainties of the blue wavelength spectra are estimated to be ¹1.0 km s~1.
